INTRODUCTION
============

Premalignant lesions are lesions with changes in their epithelium, which have a higher malignancy potential. The most common premalignant lesions include hyperplasia, atypia, and dysplasia. Hyperplasia and atypia are lesions with low risk of malignant transformation; whereas, mild and moderate dysplasia represent early premalignant changes. Severe dysplasia is among the lesions with high malignant potential \[[@B1]\].

Leukoplakia, erythroplakia, and verrucous hyperplasia are samples of premalignant lesions, which can have variable levels of dysplasia \[[@B2]--[@B5]\].

Squamous cell carcinoma (SCC) - the most common oral cancer - is a debilitating condition that brings about negative effects on the quality of life of patients \[[@B6]\]. In spite of the advances in treatment modalities, the 5-year survival rate of patients with oral SCC has not changed over the past two decades, and remains at about 50% \[[@B6]--[@B9]\]. Therefore, finding the factors that affect the disease pathogenesis and efficacy of treatment is critical. Testing different materials and methods on human samples is unethical and thus impossible. Most studies on SCC have been conducted on cell lines and have an in vitro design but premalignant lesions need to be studied in situ. Thus, induction of premalignant lesions in animal models is of high value for research purposes. The hamster buccal pouch as an induction model was first suggested in 1954 and modified in 1961. In the preliminary protocol, 9,10-dimethyl-1,2-benzanthracene (DMBA) solution in acetone or benzene was painted on the pouch 3 times a week for 16 weeks, which was able to induce the development of SCC. DMBA is a prototype of polycyclic aromatic hydrocarbons, and its role in developing oral cancer has been demonstrated in the mammal cells; this compound is metabolized as electrophilic diolepoxides \[[@B1]--[@B3]\]. It then binds to adenine and then guanine in DNA; thereby, forming harmful compounds. In 1991, Lin and Chen \[[@B10]\] revealed that after 8 weeks of cancer induction by application of 0.5% DMBA 3 times a week and arecaidine 6 times a week for 4 weeks, the initiation period of cancer was shortened. A sustained-release delivery method, in which sutures were loaded with DMBA, was able to induce SCC in 20 weeks \[[@B11]\]. Bampi et al. \[[@B12]\] employed peroxide carbamide gel along with DMBA to reduce latency in tumor development. Most of the above mentioned studies focused on carcinogenesis and reported the development of tumor as the main purpose but in this study, we aimed to focus on induction of dysplasia, a borderline lesion in which, small changes can return to normal while more changes lead to SCC. The Animal Experimentation Ethical Committee of the School of Dentistry of Tehran University of Medical Sciences approved the present study. The aim of this pilot study was to examine the development of dysplasia in hamster pouch to perform further studies on dysplastic cells. For this purpose, 10 young male Golden Syrian outbreed hamsters with an approximate age of 8 weeks and weight of 100 g were kept in cages with floors covered by wood chips \[[@B4],[@B5]\] under constant conditions (22°C temperature, 12/12 h light/dark cycle) with pelleted laboratory diet and separate water bowls \[[@B5]--[@B9]\].

The hamsters were allowed to adapt to the new environment for 1 week \[[@B1],[@B3], [@B7]\]. Then, about 1 cm^2^ of the anterior wall of the buccal pouch of each hamster was painted with 0.5% DMBA (Sigma, ST Louis, MO, USA) dissolved in liquid paraffin (a mixture of 0.5 g DMBA in 99.5 g oil, which was kept in a brown bottle) every other day for 10 weeks \[[@B1],[@B13], [@B14]\]. A \#4 oil paint brush \[[@B1],[@B13], [@B15]\] was used for this purpose with 10 rotational movements \[[@B1],[@B13]\]. This movement was selected to ensure adequate distribution of the carcinogenic compound and avoid buccal mucosal damage \[[@B1]\]. About 0.2--0.4 mg of the substance was used each time \[[@B7]\]. After sacrificing the animals, we biopsied the pouch mucosa immediately in order to prevent any effect of time discrepancy \[[@B4],[@B8]\]. The thickness of the sections was 4 mm and they were stained with hematoxylin and eosin. Two experienced pathologists analyzed the samples. We classified the dysplasia according to the presence of these morphological alterations: loss of polarity of basal cells, basilar hyperplasia, increasing nuclear/cytoplasm ratio, epithelial projections resembling tear drops, irregular stratifications of the epithelium, atypical or increased mitosis, presence of mitosis in superficial half of the epithelium, hyperchromatic nuclei, pleomorphic cells, loss of cell cohesion, enlargement of nucleoli, and keratinization in the spinous layer (individual or as a cell group). Presence of up to two of the abovementioned changes represented "mild", three to four represented "moderate" and more than five represented "severe" dysplasia \[[@B16]\]. In the present study, variations in the mucosa of all hamsters were investigated and recorded every week, and histopathological changes were evaluated at 5 and 10 weeks. Two hamsters died in the course of study, one at 6 and the other at 8 weeks.

To better investigate the detail of the events over weeks, five hamsters were sacrificed at the end of the fifth week and the remaining were sacrificed at 10 weeks. No change was observed during the first 2 weeks in the buccal pouch mucosa of the samples. Between the third and fifth weeks, the changes were limited to textural variations and coarseness of the mucosa ([Fig. 1](#F1){ref-type="fig"}).

![Clinical (a) and histopathologic (b) image of dysplasia induced in hamster pouch mucosa. Microscopic photomicrograph demonstrates mild dysplasia in the epithelial layer (H&E staining, scale bar represents 0.1mm)](FID-16-402-g001){#F1}

At 5 weeks, histopathological analysis in most regions revealed a hyperkeratotic and hyperplasic epithelium. Superficial ulcers and absence of epithelium along with necrosis and edema were also observed in some parts. The epithelium showed loss of cellular polarity in the basal region and increased nucleus-to-cytoplasm ratio in some areas. These results represented mild dysplasia ([Fig. 1](#F1){ref-type="fig"}). In the remaining hamsters, the mucosal redness gradually increased at 6 weeks. Also, one hamster died at 6 weeks, and the study was continued with four hamsters. From the seventh week onwards, the mucosal thickness gradually increased, such that by the end of the eighth week, a thick plaque was observed. Another hamster died at this time. Until the 10^th^ week, the thickness of plaque constantly increased in the remaining three hamsters. In the 10^th^ week, the remaining hamsters were sacrificed and the samples were examined histopathologically. In microscopic observation, most regions lacked epithelium and superficial ulcers and exudates were seen; the connective tissue inflammation was extensive.

In the epithelial parts, hyperkeratosis and acanthosis as well as vacuolization of basal and parabasal cells along with atrophy were observed in some regions. In other parts of the epithelium, basilar hyperplasia and loss of cellular polarity in the basal region, along with trivial hyperchromatism and increased nucleus-to-cytoplasm ratio were identified. The results suggested moderate dysplasia ([Fig. 1](#F1){ref-type="fig"}). In our study, the hamsters scarified at 5 weeks only showed epithelial coarseness clinically and mild dysplasia histopathologically. However, in the studies by Chen and Lin \[[@B2]\] and Chen et al, \[[@B7]\] mild dysplasia was observed under the microscope at 3 to 4 weeks. This difference between the results of studies may be due to the outbreed nature of our hamsters. In our study, the hamsters sacrificed at 5 weeks only showed mucosal coarseness clinically and mild dysplasia histopathologically. Chen and Lin \[[@B2]\] who reported mild dysplasia at 3 to 4 weeks did not describe clinical changes. Later induction of mild dysplasia in our hamsters may also be due to the older age of our hamsters at the beginning of the study in comparison with their samples (8 weeks old versus 6 weeks old). One of the differences of our methodology with that of Chen and Lin \[[@B2]\] is that they painted both of the buccal pouches of the hamsters; whereas, we painted one pouch of each animal. Painting of both sides would induce higher mortality (although they did not mention the mortality rate in their study). Even though they used a more toxic dose of the substance overall for each hamster since they painted the pouches bilaterally, this cannot be the reason for earlier induction of dysplasia since the topical effect of DMBA was emphasized in both studies. On the other hand, Shin et al. \[[@B4]\] reported increased printability of hyperplasic basal cell layer at 4 weeks, which was somehow compatible with the results of our study. At 8 weeks, they observed severe dysplasia. In our study, dysplasia was developed later compared with the study by Wani et al \[[@B3]\]. The reason could be the usage of arecaidine promoter, causing development of carcinoma. This study can serve as a guide for future animal studies on dysplastic lesions. We induced the formation of mild and moderate dysplastic lesions in buccal pouch mucosa of hamsters by painting their pouches with DMBA, which can be used by further studies on risk factors and prevention of dysplastic lesions.
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